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I . 



INTRODUCTION 



A. THE NEED FOR ANTISHIP MISSILE DEFENSE EVALUATION 

The United States, in recent years, has had to reduce 
its number of warships due to increased procurement costs 
and austere budget constraints. At the same time, the Soviet 
Union has consistently increased military procurement. This 
increase has been reflected by additional types and numbers 
of antiship missiles and a greater number of subsurface, 
surface, and air platforms which launch them. The increase 
in the relative strength of the Soviet Navy, the change in 
Soviet naval strategy to a more offensive posture, and the 
decrease in the number of United States aircraft carriers 
provoked the essential need for effective evaluation of 
antiship missile defense. This need was intensified as the 
United States Navy evaluated new tactics to protect its 
capital ships, and evaluated alternative ship building 
programs . 

B. ANTISHIP MISSILE DEFENSE COMPUTER SIMULATIONS 

SPEARS (System Performance Evaluation and Requirements 
Simulation), a large-scale, anti-air-warfare-oriented, com- 
puter simulation model, was jointly developed at the Naval 
Warfare Research Center of Stanford Research Institute under 
the auspices of the Office of Naval Research, the Office of 
the Chief of Naval Operations and the Naval Ship Systems 
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Command.' 1 ' SPEARS is a highly sophisticated simulation 
requiring a large number of data inputs such as radar con- 
figuration of each defensive platform, all antiship missile 
profiles, detail of communication links between individual 
units, environmental data, weapon profile data, etc. The 
data required for this simulation lends itself to a detailed 
analysis of a specific disposition of particular naval units. 
It is the opinion of this writer that the task of generating 
the data base to use this model would be difficult if not 
impossible on a timely basis and the ability of such a 
sophisticated model to yield a general result is questionable. 

REGAME, a probabilistic event store computer simulation 
of the interactions between SAM (Surface to Air Missile) 
systems and aircraft was developed at the Naval Postgraduate 
School. It was designed to be used as a classroom aid for a 
graduate course on system simulation. REGAME was initially 
evaluated to be used as an ASMD (Anti Ship Missile Defense) 
simulation because of its relatively small computer core and 
computer time requirements. The structure of REGAME, for 
example, the ability to play only three missile areas, and 
the limit to its playing area size rendered it inadequate. 
REGAME's structural limitations required a relatively large 



Naval Research Laboratory Report 7958, SPEARS , An AAW 
Performance Simulation , by D.J. Kaplan (NRL) , L.C. Davis 
(NRL) , M.E.B. Owens (NRL), O.F. Forsyth (SRI), and J.J. 
Penick (SRI) , p. 1-1, 9 June 1976. 
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number of computer runs, and a large number of external 
calculations when a problem with either more than three 
missile areas or a problem which had an attack area larger 
than 180 degrees was to be analyzed. REGAME also did not 
have the capability of playing defensive AAM (Air to Air 
Missiles) . 

Various other studies have been conducted on ASMD; how- 
ever, security restraints of this report do not allow a 
discussion of them. None of these other studies were appro- 
priate or met the requirements of this thesis. No other 
unclassified ASMD simulations were located through library 
search. 

C. SEAGUARD, A BETTER ALTERNATIVE 

SEAGUARD, as described in this paper, was developed as 
a Monte Carlo computer simulation which would use a small 
amount of computer core and time, readily available data, 
and yield a general result. The computer code of REGAME was 
used as a basis for SEAGUARD because REGAME was computer core 
and time efficient. Chapter II explains the structure of 
REGAME in terms of the playing area, assumptions, offensive 
and defensive set up, and the game doctrine. The changes 
required to restructure REGAME into the ASMD simulation, 
SEAGUARD, form the basis of Chapter III. In the next chapter, 
SEAGUARD is discussed in detail. This chapter was written 
so that it could stand alone and be used as a user's guide 
to SEAGUARD. The definition of a standard set up of a game 



and a parametric output analysis of SEAGUARD comprise 
Chapter V. Finally, Chapter VI serves to review the con- 
clusions from the research and the parametric analysis, and 
suggests problems that need to be addressed in future 
studies . 
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II. REGAME 



A. PLAYING AREA 

The playing area of REGAME, as illustrated in Figure 1, 
is a portion of a circle whose radius, RCC, is an input 
parameter to the simulation. RCC can be as large as 999 miles. 
The arc length of the playing area is also an input parameter 
and can be as large as 179 degrees. The bisector of the 
central playing angle must be parallel to the x coordinate 
axis of the x,y plane. Defensive missile sites may be placed 
outside of the playing area; however, only actions that 
occur within the playing area affect the outcome of the 
simulation. 

B. ASSUMPTIONS 

REGAME was written as a small scale, flexible, general 
purpose model. Certain assumptions had to be made in order 
to attain the flexibility yet maintain computer storage 
space at a minimum. All generated incoming aircraft are 
aimed for the vertex of the central playing angle. The air- 
craft are assumed to be of the same type; that is, they all 
have the same distribution of airspeed and altitude. The 
aircraft are assumed to be observed by all missile areas, 
subject to the radar horizon and the maximum radar range of 
the respective missile area. The probability of detection 
for all radars is assumed to be 1.0 and all fire control 
solutions are deterministic. The vertex of the playing angle 
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is assumed to represent the bomb release line of the air- 
craft for their respective targets; therefore, an offensive 
wave of aircraft is considered successful if at least one 
aircraft reaches the center. 

C. OFFENSE 

REGAME plays aircraft as offensive weapons against the 
defensive central point, (GX,GY) , of the playing area. The 
aircraft originate along the outer arc of the playing area, 
see Figure 2. Their points of origination are distributed 
uniformly over that arc. The speed of the aircraft, aircraft 
altitude and time separation between aircraft entering the 
playing area are all uniformly distributed between upper 
and lower bounds specified by the user. The aircraft follow 
a direct course from their point of entry on the outer arc 
of the playing area to the vertex of the central playing 
angle. The offense can consist of as many as 20 aircraft 
which play a passive role in that they only serve as a 
stimuli for the defensive system simulation. 

D. DEFENSE 

The defense for REGAME is a set of up to three surface 
to air missile sites. The input parameters for the defense 
are as follows: 

(1) The number of missile areas in the simulation. 

(.2) The number of tracking radars assigned to each 
missile area. 
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(3) The number of missile launchers assigned to 
each missile area. 

(4) The grid coordinates of each missile area. 

(5) The search radar maximum range for each missile 
area . 

(6) The average speed of the defensive missile for 
each missile area. 

(7) The single salvo kill probability for the 
missiles in each missile area. 

(8) The minimum and maximum acquisition time for 
each missile area. 

(9) The minimum and maximum assessment time for 
each missile area. 

(10) The minimum and maximum reload time for each 
missile area. 

Acquisition time is defined as the time required to pass an 
active target from search radar to fire control radar, and 
assessment time is defined as the time a fire control radar 
must remain locked on the target to assess the result of the 
attempted interception. 

The playing area including a typical missile area and 
aircraft flight path is illustrated in Figure 2. The defensive 
sites detect and fire at aircraft based on the missile area 
characteristics provided the aircraft has not passed the 
closest point of approach to the firing missile site. REGAME 
is constructed such that either of two missile firing procedures 
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may be used. These procedures are referred to as uncoor- 
dinated and coordinated. The selection of the missile firing 
procedure is inputed by the user. The uncoordinated missile 
firing procedure allows all missile areas in the simulation 
to fire missiles at all aircraft that can possibly be fired 
upon while the coordinated missile firing procedure allows 

a missile area to fire at an aircraft only if no other missile 

2 

area is currently engaging that aircraft. 

E . GAME DOCTRINE 

REGAME simulates the interactions between surface-to-air 
missiles and aircraft. This task is accomplished by generating 
a series of events and associated times. There are five 
types of events which are as follows : 

(1) Fire missile salve. 

(2) Missile intercept. 

(3) Reload missile launcher. 

(4) Free tracking radar. 

(5) Change of engagement status. 

Each event is scheduled according to the time the event 
occurs, the type event, the aircraft associated with that 
event and the missile area associated with that event. As 
aircraft are generated, the possible missile firing events 



2 

U.S. Naval Postgraduate School Technical Report 67, 

A Computer Simulation for the Evaluation of Surface-To-Air 
Missile Systems in a Clear Environment , by A.F. Andrus , 
p. 11, June 1966. 



16 



associated with that aircraft are scheduled. Each event 
is checked against certain input parameters before being 
executed. For example, the firing of a missile at an air- 
craft is checked against the following: 



(1) 


Radar horizon. 




(2) 


Radar range. 




(3) 


Maximum range of 


the missile. 


(4) 


Fire control radar availability. 


(5) 


Missile launcher 


availability . 


(6) 


Missile envelope. 




(7) 


Aircraft engagement status. 



New events are generated, as a result of a failure of the 
defense to kill an aircraft. REGAME simulates the action 
of the defense against the offense in a series of checks of 
capability, and availability along with the scheduling and 
execution of events. Target information is passed among 
defensive units and shoot-look-shoot firing doctrine is used 
REGAME is a Monte Carlo simulation by virtue of the random 
element used in generating several parameters of the events. 
For instance, an offensive aircraft is launched with a speci 
fied speed. This speed is generated by use of a uniform 
random number generator and the speed interval specified by 
the user on input. In the case of the intercept event, the 
probability of kill p(k), is compared to a uniform (0,1) 
random number, if the random number is less than or equal 
to p(k) then the outcome is a kill. The random element is 
also exhibited in the generation and execution of events. 
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The event time for the reload event and the free tracking 
radar event are random numbers . The execution of other 
events, for example the fire event, are dependent upon the 
reload time and the change of engagement status; therefore, 
the execution of the schedule of events takes on a random 
characteristic • 

The result of a single play, or replication, of a Monte 
Carlo simulation model is determined by the sequence of 
random numbers obtained from the random number generator. 

The computations in REGAME that use a Monte Carlo technique 
are assessment time, acquisition time, reload time, aircraft 
speed, aircraft separation time, aircraft altitude, entry 
points of aircraft, and the determination of aircraft kill. 

A second play of the same game situation with a different 
sequence of random numbers is likely to produce a different 
result. The importance of such differences depends on the 
purpose of the analysis . 

A series of replications of a given number of aircraft 
is called a run. The MOE (Measue Of Effectiveness) for a 
run of REGAME, the Probability of Survival, is the number 
of replications which yield 100 percent aircraft killed 
divided by the number of replications in that run. The 
number of replications required to achieve sufficient confi- 
dence in the MOE can be established only after some experi- 
ence has been gained with applying the model to similar 
problems. The mean, variance, and standard deviation of 
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the number of missiles fired, and the number of kills is 
provided in the output of the program. 
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III. CHANGES TO REGAME 



A. MOTIVATION 

The simulation desired was one which would be realistic 
for present day applications. It had to be a relatively small 
scale model to allow for the use of readily available input 
data, and yield a result which had a general usage. It had 
to be one which was applicable to a general type of ship, 
such as destroyers, rather than one which was applicable 
to a specific class of ship, such as DDG-2 destroyers. The 
simulation had to have the characteristic of relatively short 
run time so that rough solutions to a scenario could be 
evaluated without expending sizeable amounts of computer 
time. It had to relate to a navigational plot and play 
more than three ships and twenty missiles. Air-to-air com- 
bat had to be played since it was an integral part of carrier 
air defense. In other words, SEAGUARD had to accommodate 
the characteristics of ASMD and maintain the desired general 
approach to the simulation. 

B. CHANGE IN THE PLAYING AREA 

The evaluation of ASMD of a carrier task force required 
the capability of evaluating the defense of a sector as 
small as a few degrees or as great as a full circle. To 
facilitate the use of a full circle and the preliminary cal- 
culations required to set up the disposition of defensive 
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forces, the playing area was reoriented to a navigational 
plot where north, 000 degrees, is represented by the posi- 
tive y axis in the x,y plane. This change allows the user 
to calculate his input positions relative to the center of 
the ship formation and locate the center of the playing area 
at any point in the x,y plane. The only change in the 
computer code necessitated by this playing area change was 
the method of computing the entry points of the offensive 
weapons into the playing area. REGAME calculated these 
points by generating an angle 9 relative to the bisector of 
the central playing angle using the Monte Carlo technique. 
The coordinates of the entry points (X,Y) were calculated 
as follows: 



Let 



A 



RCC x cos 9 



B 



RCC x sin 9 



Then for positive values of 9 



X 



GX + A 



Y 



GY + B 



For negative values of 9 
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X 



GX + A 



Y = GY - B 



where RCC, GX, and GY are defined in Figure 1. 

The central playing angle of SEAGUARD is bisected by the 
y axis, 000 degrees. To generate the entry points for the 
ASMs, an angle <j> is generated using the Monte Carlo technique. 
The lower bound on <t> is 360 degrees minus one half the value 
of the central playing angle, and the upper bound on <t> is 
360 degrees plus one half the value of the central playing 
angle. The coordinates of the entry points are calculated 
as follows: 

Let 



A = RCC X COS (yTT - (j>) 

B = RCC x sin (jtt - <j>) 



Then 

X = GX + A 
Y = GY + B 

The transformation (-jit - $) accomplished the change from 
the cartesian coordinate system to the navigational plot. 
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This change enables the user to take advantage of the full 
x,y plane, facilitates orientation of the ship formation 
to (0,0), and allows an incoming attack to -approach from any 
direction. 

C. INTRODUCTION OF AIR PLATFORMS 

The play of air platforms as CAP (Combat Air Patrol) was 
essential in evaluating ASMD of a carrier task force. The 
addition of air platforms was accomplished by adding altitude 
to the input parameters for the defensive missile platforms. 
This change in addition to increasing the size of arrays 
slightly, required changes in computing the radar horizon. 
Slant range, the vector sum of the range and relative alti- 
tude, had to be used in the fire event. The use of CAP 
also required the development of a method to model the real 
effect, of passing detection information, on the ASM-surface 
platform encounter. The factors which are important to the 
outcome of the ASM-surface platform encounter are tracking 
radar range, missile range, and radar horizon. If the track 
of the ASM were known to the surface platform, as would be 
the case if the CAP informed him, the only limiting factors 
of importance in the ASM-surface platform encounter would be 
the tracking radar range and the range of the defensive 
missile. In SEAGUARD, to achieve this effect, the longest 
radar horizon of any of the defensive platforms is used as 
the radar horizon for all defensive platforms; therefore, 
the play of the ASM-surface platform encounter resembles the 
action of passing detection information among the defensive 
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units. If a defensive formation is used such that the 
defensive platforms at the outer range of the force are not 
positioned symmetrically, in some cases the lifting of the 
firing restriction due to the radar horizon would yield a 
result not representative of the real world situation. 
Therefore it is assumed that the disposition of forces is 
symmetrical to the threat axis and that detection information 
is passed among all defensive units. 

D . RELOAD EVENT 

Due to the addition of air platforms into the simulation, 
the reload event had to be altered to accommodate for the 
unique character of an air platform reload. The sequence 
that SEAGUARD follows to reload air platforms is as follows : 

(1) Determine if the missile site is an air platform. 

(2) If the site is an air platform, determine if 
all its missiles have been fired. 

(3) If all its missiles have been fired, schedule 
CAP relief. 

This sequence is based on the assumption that an aircraft 
will not reload until it has fired all its missiles. The 
reload event then schedules the relief of the on station air- 
craft with a replacement aircraft. The input parameters 
for reload time, in the case of defensive missiles sites which 
are aircraft, should represent the time required to relieve 
an on station aircraft. The reload event for the defensive 
ground site is accomplished in the same manner as REGAME. 
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E. OFFENSIVE AND DEFENSIVE WEAPONS 



The number of offensive weapons was increased from 20 to 
50. This increase was accomplished by increasing the array 
size for those arrays associated with offensive weapons. This 
rendered the model capable of analyzing a larger offensive 
threat. The use of ASMs in place of aircraft required no 
change to the code of REGAME since the input limits for the 
aircraft were already great enough to accommodate the 
characteristics of missiles and since the altitude profile 
of the ASM was assumed to be flat until the ASM was within 
close range of its target. 

The number of defensive missile sites was increased from 
3 to 10. This increase was also accomplished by increasing 
the size of the respective arrays. Associated with this 
increase in the defensive missile sites and the change in 
playing area, the firing event was modified to include a 
check against firing a defensive missile over the position 
of the carrier or capital ships in the center of the playing 
area. If the relative difference between the bearing to the 
center of the playing area, is less than 45 degrees, the 
missile site will not fire at the incoming ASM. This check 
prevents the occurrence of a defensive missile hit on the 
carrier or capital ships. The firing event was also modi- 
fied to account for the difference in altitude between the 
ASM and the SAM or AAM. The CAP also has the capability 
of shooting up or down at the ASM. 
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F. INPUT/OUTPUT 

The input to SEAGUARD is arranged so that the defensive 
missile site parameters are inputted on the first ten cards, 
one missile area per card. The ASM input and the playing 
area input follow on the next two input cards respectively. 

On output, the MOE, called the Probability of Survival, 
for REGAME was deemed inappropriate for SEAGUARD because it 
is based on the assumption that one offensive weapon which 
penetrated the defense rendered that replication a failure 
for the defense. An MOE which would provide a more refined 
measure of marginal product was desired. SEAGUARD in addition 
to providing the Probability of Survival, now called the 
Probability of Zero Hits, provides an MOE called Percent 
Killed, which is the number of kills of offensive missiles 
divided by the total number of offensive missiles played. 

This new measure provides more sensitivity to the outcome 
over a broader spectrum of threat. 
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IV. SEAGUARD 



A. PLAYING AREA 

The playing area for SEAGUARD as illustrated in Figure 3 
is a circle or portion of a circle whose center, radius, and 
central playing angle are inputs. The radius, RCC , can be 
as large as 1000 miles. The arc length of the playing area 
can vary from 0 to 360 degrees and is also an input parameter. 
The bisector of the central playing angle must be in the 
direction of the positive y axis corresponding to 000 degrees 
or north. Defensive missile sites may be placed outside the 
playing area; however, only actions which occur inside the 
playing area affect the outcome of the simulation. 

B. OFFENSE 

# 

The offense consists of as many as 50 ASMs which are 
directed toward the vertex of the central playing angle. 

The missiles originate uniformly along the outer arc of the 
playing area. ASM speed, ASM altitude, and the separation 
time between ASMs are uniformly distributed between bounds 
specified by the user on input. The ASMs play a passive 
role in the simulation in that they serve only as a stimuli 
for the ASMD simulation. An ASM is assumed to have hit the 
carrier or capital ships, if it reaches the central point 
of the playing area. 
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C. DEFENSE 



The defense for SEAGUARD is a set of up to 10 missile 
platforms, either surface or air, which can be positioned 



anywhere in 


the x,y plane. The input parameters for the 


defense are 


as follows: 


(1) 


The number of missile areas in the simulation. 


(2) 


The number of tracking radars assigned to each 
missile platform. 


(3) 


The altitude of the missile platform. 


(4) 


The grid coordinates of each missile platform. 


(5) 


The search radar maximum range . 


(6) 


The average speed of the defensive missile for 
each platform. 


(7) 


The single salvo kill probability for the 
missile on each platform. 


(8) 


The number of missile launchers assigned to 
each platform. 


(9) 


The minimum and maximum acquisition time for 
each platform. 


(10) 


The minimum and maximum assessment time for 
each platform. 


(11) 


The minimum and maximum reload time for each 
platform. 



Acquisition time is defined as the time required to pass an 
active target from search radar to tracking radar. Assess- 
ment time is defined as the time a fire control radar must 
remain locked on the target to assess the result of the 
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attempted interception. The defensive sites detect and fire 
at ASMs based on the missile area characteristics and the 
schedule of events. A fire event will not be scheduled for 
the defense if the point of closest approach of the ASM is 
within 45 degrees of bearing to the capitol ships or carrier 
in the center of the playing area. Either coordinated or 
uncoordinated fire procedures are available for the play of 
SEAGUARD . 

D . GAME DOCTRINE 

SEAGUARD simulates the interactions between offensive 
ASMs and defensive SAMs or defensive AAMs . This task is 
accomplished by an event step simulation. A series of events 
and associated times are generated and listed in a chrono- 
logically ordered schedule. There are five types of events 
which are as follows: 

(1) Fire missile salvo. 

(2) Missile intercept. 

(3) Reload missile launcher. 

(4) Free tracking radar. 

(5) Change of engagement status. 

The simulation initially generates the ASM entry points into 
the playing area. The ASMs proceed directly to the center 
of the playing area. The SAM and AAM missile firing events 
are then generated and stored for the missile sites which 
are encountered. After this initial generation of events, 
the simulation begins by executing the schedule of events 
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(4) Time spacing between ASMs . 

(5) ASM speed. 

(6) ASM altitude. 

(7) Entry points of ASMs. 

(8) Determination of ASM kill. 

In short, SEAGUARD is a series of computer calculations which 
simulate ASMD through the generation of events and the 
modification of those events through checks of capability 
and availability. 

E. INPUT 

SEAGUARD is structured so that the input data required 
to run the simulation must be inputed using 12 computer 
cards whose format is described in Tables I and II. Table 
I lists the input format for the missile sites which are 
inputed as cards 1 through 10. If a missile site is not 
used, a blank card must be inserted into the data deck. 

Table II lists the input format for the ASM inputs and the 
playing area inputs respectively. Standard FORTRAN format 
is used; therefore, each integer value must be right justi- 
fied within its allotted field. All real inputs are floating 
point. If the decimal is not included somewhere in the field, 
the real number must be right justified also. Each set of 
12 cards defines a game. A game can consist of a run of a 
fixed number of ASMs for the desired number of replications 
or it can consist of a series of runs with the number of 
ASMs being increased until the maximum number of ASMs is 
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TABLE I 



MISSILE SITE INPUT FORMAT 



COLUMNS 


NAME 


LOWER 

BOUND 


UPPER 

BOUND 


UNITS 


1 


MTRF ( I ) 


0 


100 




2 


MAL ( I ) 


0 


10 




3-8 


AX (I) 


-1000 


1000 


MILES 


9-14 


AY (I) 


-1000 


1000 


MILES 


15-17 


RMR(I) 


0 


1000 


MILES 


18-20 


RMAX (I) 


0 


1000 


MILES 


21-25 


AVS ( I ) 


0 


10000 


MILES/HR 


26-29 


PX(I) 


0 


100 


PERCENT 


30-33 


ATM ( I ) 


0 


1000 


MINUTES 


34-37 


ATX ( I ) 


0 


1000 


MINUTES 


38-41 


ASM (I) 


0 


1000 


MINUTES 


42-45 


ASX (I) 


0 


1000 


MINUTES 


46-49 


RTM ( I ) 


0 


1000 


MINUTES 


50-53 


RTX ( I ) 


0 


1000 


MINUTES 


54-57 


CALT ( I ) 


0 


100 


K FEET 



33 



TABLE II 





ASM AND 


PLAYING AREA 


INPUT FORMAT 




COLUMNS 


NAME 


LOWER 

BOUND 


UPPER 

BOUND 


UNITS 


1-5 


BSX 


0 


10000 


MILES/HJ 


6-10 


BSM 


0 


10000 


MILES/H] 


pH 

1 

*-H 
« — 1 


BTX 


0 


1000 


MINUTES 


15-18 


BTM 


0 


1000 


MINUTES 


COLUMNS 


NAME 


LOWER 

BOUND 


UPPER 

BOUND 


UNITS 


1-2 


NMISAR 


0 


10 




3 


IEND 


0,1 






4-5 


NBMAX 


0 


50 




6-7 


NBOMB 


0 


50 




8-9 


NBDEL 


0 


50 




10-15 


GX 


-1000 


1000 


MILES 


16-21 


GY 


-1000 


1000 


MILES 


22-27 


RCC 


0 


1000 


MILES 


28-32 


CPA 


0 


360 


DEGREES 


33-34 


TMAX 


0 


100 


HOURS 


35-36 


NRPL 


0 


20 




37-40 


AMAX 


0 


100 


K FEET 


41-44 


AMIN 


0 


100 


K FEET 


45-48 


STEP 


0 


6000 


MINUTES 


49 


NFLAG 


0,1,2 






50 


IHIST 


0,1 






51 


OUTPUT 


0,1 
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played or until the user inputed upper limit on the number 
of ASMs is played. To vary any other parameter of the game, 
a new set of 12 cards or a series of 12 card sets must be 
added to the data deck. The definition of the input 
variables for SEAGUARD are listed in Table III. 

F. OUTPUT 

SEAGUARD yields three products as output, namely, the 
Battle History, the Standard output, and the Summary output. 
These products may or may not be produced according to the 
desires of the user with the exception that the Summary out- 
put will always be produced. The Battle History is a listing 
of events. This list is produced from two program elements, 
one called SNE, meaning schedule next event, and the other 
called TNE , meaning take next event. Table IV depicts a 
typical Battle History. The format for the events listed 
in the Battle History is as follows : 

TIME OF EVENT TYPE OF EVENT ASM # MISSILE AREA # 

The time appears in hours and the type event, ASM, and 
missile area are identified by number. The code for the 
type of event is as follows: 



NUMBER 



EVENT 



1 



Reload 



2 



Set tracking radar free 



3 



Intercept 



4 



Change engagement status 



5 



Fire 
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TABLE III 





DESCRIPTION OF INPUTS 


VARIABLE 


DESCRIPTION 


MTRF ( I ) 


The number of tracking radars assigned to 
missile area I. 


MAL(I) 


The number of missile launchers assigned to 
missile area I. 


AX ( I ) 


The x-coorainate of missile area I. 


AY (I) 


The y-coordinate of missile area I. 


RMR (I ) 


The search radar maximum range of missile area I 


RMAX(I) 


The missile maximum range for missile area I. 


AVS ( I ) 


The average speed of the SAM for missile area I. 


PK (I) 


The one shot probability of kill for the SAM 
or AAM of missile area I. 


ATM ( I ) 


The minimum acquisition time for missile area I. 


ATX (I) 


The maximum acquisition time for missile area I. 


ASM ( I ) 


The minimum assessment time for missile area I. 


ASX (I) 


The maximum assessment time for missile area I. 


RTM ( I ) 


The minimum reload time for missile area I. 


RTX ( I ) 


The maximum reload time for missile area I. 


CALT ( I ) 


The platform altitude for missile area I. 


BSX 


The maxim-urn ASM speed. 


BSM 


The minimum ASM speed. 


BTX 


The maximum time spacing between ASMs . 


BTM 


The minimum time spacing between ASMs. 


NMISAR 


The number of missile areas in the simulation. 



36 



TABLE III - CONTINUED 



VARIABLE 


DESCRIPTION 


IEND 


To change the value of any input parameter for 
another run of SEAGUARD, another set of 12 input 
cards is required. The new set follows the 
original set in the data deck. IEND is a 
program flag used to indicate the last set 
of data. 



0 Last set of data. 





1 Another set of data follows. 


NBMAX 


The maximum number of ASMs in the last run. 


NBOMB 


The number of ASMs in the first run. 


NBDEL 


The increment of the increase of ASMs between 
runs. The number of runs to be made with one 
set of input cards will be the minimum integer 
value of N such that 



NBOMB + (N) x (NBDEL) = NBMAX 



GX 


The x-coordinate of the center. 


GY 


The y-coordinate of the center. 


RCC 


The length of the radius of the playing area. 


CPA 


The central playing angle. 


TMAX 


The maximum game time. 


NRPL 


The number of replications to be played. 


AMAX 


The maximum ASM altitude. 


AMIN 


The minimum ASM altitude. 


STEP 


STEP is a time value used for computer 
efficiency. When a fire event cannot be 
executed, a new fire event is scheduled at the 
current time plus the value of STEP. 


NFLAG 


This value designates the missile firing 
procedure as follows : 
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TABLE III - CONTINUED 



VARIABLE 



IHIST 



OUTPUT 



DESCRIPTION 



0 Both coordinated and uncoordinated 
procedures are used in the simulation. 

1 Uncoordinated procedure only. 

2 Coordinated procedure only. 

This value designates whether the Battle 
History is desired for output as follows : 

0 No Battle History 

1 Battle History output is printed. 

This value indicates whether the summary 
output or both the standard and the summary 
output is desired as follows: 

0 Standard and summary output. 

1 Summary output only. 
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TABLE IV 



BATTLE HISTORY 





1.103 


5 


1 


■a 




1 .163 


5 


1 


f 




1 .150 


5 


1 


9 




1 . 194 


5 


1 


10 




1 .095 


5 


2 


3 




1 .135 


5 


2 


7 




1.120 


5 


■> 


9 




1.157 


5 


2 


10 




1 .096 


5 


3 


3 




1.139 


5 


•a 
— 1 


7 




1 .188 


5 


3 


10 




1.076 


5 


4 


1 




1 .132 


5 


4 


5 




1 .145 


5 


4 


7 




1.165 


5 


4 


10 




1.121 


5 


5 


2 




1 .102 


5 


5 


3 




1.143 


5 


5 


7 




1.127 


5 


5 


Q 




1. 163 


5 


5 


1 0 


1.076 


5 


4 


1 








1 . 099 


D 


4 


1 


1.095 


5 


2 


3 








1 .119 


3 


2 


3 


1.096 


5 


3 


3 








1 .120 


3 


3 


3 


1.099 


3 


4 


1 








1 .106 


5 


4 


1 




1 .106 


2 


4 


1 




1.106 


4 


4 


1 


1 . 102 


5 


5 


3 








1 .128 


3 


5 


3 


1.103 


5 


1 


3 








1 .129 


3 


1 


3 


1.106 


2 


4 


1 






1.106 


4 


4 


1 






1.106 


5 


4 


1 








1.116 


3 


4 


1 


1 . 116 


3 


4 


1 
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The events are ordered such that if two events occur at the 
same time, the event with the lowest event code number would 
be executed first. The indented lines represent events that 
are being scheduled by the SNE and the lines nearest the 
margin are events that are being executed by the TNE . The 
Battle History presented in Table IV is read in the following 
manner. The initial entries of the Battle History are the 
fire events generated by the SNE. The first event to be 
executed by the TNE is at time 1.076. This is a fire event 
associated with ASM number 4 and missile are number 1. Exe- 
cution of this fire event results in the scheduling of an 
intercept event at time 1.099 as is illustrated in the following 
line of the Battle History which is indented. At time 1.099, 
the intercept event is executed by TNE and results in the 
scheduling of a new fire event, a free tracking radar event, 
and a change engagement status event, indicating that the 
defensive missile fired at time 1.076 was not a kill. The 
Battle History can be an effective tool in determining if 
the simulation is functioning in the manner that was desired. 

The program run time is greatly increased when the Battle 
History is desired as output. Table V is an explanation of 
the information detailed on the Standard output. Table VI 
illustrates the format of the Standard output. Computer time 
is increased when the Standard output is desired. 

The Summary output is illustrated in Tables VII and VIII. 

It is a summary of the actions in each replication of the 
run. It lists the statistics for each replication and for 
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TABLE V 





DEFINITION OF OUTPUT HEADINGS 


HEADING 


DEFINITION 


ASM 


The ASM number . 


SMAX 


The total number of salvos fired at this ASM 
by missile area x, where x varies from 1 
to 10 . 


TOTAL 


The total number of salvos fired at this ASM 
by all missile area. 


A/K 


The number of the missile area killing the 
ASM. A/K = 0 indicates that the ASM 
penetrated the defense. 


XCOORD 


The x-coordinate of the ASM entry point in 
miles . 


YCOORD 


The y-coordinate of the ASM entry point in 
miles . 


ASMH 


The radar horizon in miles for the ASM. 


ALTITUDE 


The ASM altitude in thousands of feet. 


SPEED 


The ASM speed in miles per hour. 


TIME 


The ASM entry time in hours. 


TIME (X) 


The earliest possible time, in hours, that 
missile area x can fire at the ASM. Where 
x varies from 1 to 10. A zero value indicates 
that the missile area cannot fire at this ASM. 
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TABLE VI 

STANDARD OUTPUT 
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SUMMARY CQCRCI, MATED RESULTS 



TABLE VI Z 

SUMMARY OUTPUT PART 1 
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TABLE VIII 

SUMMARY OUTPUT PART 2 



cj Q>vO'«<Jcn^-'OvOcr*>i"vOtJ s 0' v o > TON 

on # • • • 

OOOOOOOOOOOOOOO 



00 ^ O <\J >r vj* 00 04 sf 00 03 vT < Nl CD 



0000000^0000000 



OOOO 000^0000000 



0000000^0000000 



< o 

o •o'er 
►— co • • 
oo 



o 

*-4 OvTCT' 
< nTOJ^T 

2: • . • 

ooo 



OOOOOOOOOOOOOOO 
00 <*JO <->000 00<->0000 u ' 

• *•♦••••♦•••••• < ooo 

^infn^fococo^roco^^c^'tn^ 2: • • • 

ooo 



CD 

< 



OOO' 

• • • 

OOO 



0°00 00000 0000 00 



OO0OOOOO0OOOO0O 



OOoOhOOOOOQOhqO 



< 

2: 



o 

< 



rofMvf 

• • • 

ooo 



0 *C 4 ^- 

*-^^ 3 rO 

• • • 

OOO 





in 


r-sOir\ 


OOOOO^O^OOoOOOO 


< 


Oorvj 






• • • 

000 


OHOOOOOOOOOOOOO 


-*■ 


r-som 




< 


OOOJ 






• • • 

OOO 


OOqOOOOhOOOOOOO 


m 


mmso 




<1 


0 ^^ 4 O 


m Cvl 0 0-4 0 0 <\J r*\ 0 0 0 —i O 


2: 


• • • 

OHH 


OONOHOHO^OmOrvjO^I 


C\J 


r-aotr* 




< 


aOo-HO 




2: 


• • # 

OHH 



O^HOOMOOH(NJU«nOHH 





H 


OfO^ 






aja.u' 


^ iNm >r in 0 r— cr cmjh *>ifn <r in 


•fc. 


• ♦ * 


JI 




oo^> 



in in in in m in tnmin in in m m in in 



<1 aio 

2 > 



ro 

rO on 

• nO 

o • 

O 



11 



44 



PR0BA6ILITV OF ZERO HITS 



each missile area. At the end of the Summary output, the 
Probability of Zero Hits and the Percent Killed are listed. 
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V. OUTPUT ANALYSIS 



A. STANDARD SET UP 

The output analysis of a simulation model must start 
with the specification of initial conditions. This set of 
initial conditions or what is called the standard set up 
was decided upon after some experience was gained with the 
model in the evaluation of a few general scenarios. The 
standard set up is not meant to model any particular real 
world situation. It is a general composite of various scen- 
arios derived in a manner such that the usual intervals of 
interest for the input parameters would be represented in 
the output analysis. The standard set up is illustrated in 
Table IX. The definition of each variable in this table was 
given in Table III. 

B. PARAMETRIC ANALYSIS 

The parametric analysis studies the measure of effective- 
ness as a function of the input parameters. Figure 4 shows 
the MOE as a function of p(k), probability of kill. Each 
of the lines on the graph represents the particular raid size 
as denoted by the symbols listed. The graph shows the expected 
result that the MOE increases with an increase in the single 
shot probability of kill of the defensive missiles. It is 
interesting to note that the result for the 30, 40, and 50 
ASM threat sizes are not significantly different, the result 
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TABLE IX 



STANDARD INPUT 



GA NE PARAMETERS 
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for the 20 ASM threat shows a slightly greater displacement 
from the x-axis, and the result for the 10 ASM threat size 
shows considerably more displacement from the x-axis. 

Figure 5, the MOE as a function of threat size illus- 
trates this difference a little more dramatically. In 
Figure 5, this difference appears as a greater slope in the 
curves at the threat sizes 10 through 30 and a flattening 
out of the curve for larger threat sizes. Each curve repre- 
sents a given p(k) as labelled. These results show that the 
saturation raid size for this general scenario appears to 
be approximately 25 to 30 ASMs . 

The MOE as a function of reload time is illustrated by 
Figure 6. Again each line represents a given threat size as 
annotated on the graph. This format is repeated throughout 
the chapter. As expected the MOE decreases with the increase 
in reload time. An interesting additional result is that the 
effect of a change in reload time is more dramatic as the 
threat size increases. The change in MOE does not appear 
significant until approximately 20 to 30 ASM threat size, 
showing again saturation raid size. 

MOE as a function of the central playing angle is illus- 
trated in Figure 7. This result may appear surprising because 
as the central playing angle increases the MOE increases. 

This result is believable realizing that the threat size 
remains constant, and now the offensive missiles will proba- 
bly be tracked and fired upon by additional defensive sites. 
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Figure 8 illustrates the MOE as a function of ASM speed. 
The graph shows that the MOE decreases with the increase in 
ASM speed. The results of the MOE as a function of defensive 
missile speed is illustrated in Figure 9. A significant 
increase in MOE is shown as defensive missile speed is 
increased to the speed of the ASM which is 2000 M.P.H. 

Once the defensive missile speed reaches the ASM speed, the 
increase in the MOE as a function of defensive missile speed 
is less significant. This result shows a high dependence 
of ASMD to the relative speed of the opposing missiles. 

This dependence is also reflected in the result of the 
MOE as a function of ASM separation time as illustrated in 
Figure 10. A separation time of .20 minutes and an ASM speed 
of 2000 M.P.H. would be the separation time where only one 
ASM would be present in the playing area at a given time. 

When the separation time is shorter, more than one ASM will 
be in the playing area at a given time. The graph shows an 
increase in slope and then a flattening of the curve in the 
higher separation time. 

The MOE as a function of assessment time or the MOE as 
a function of acquisition time showed little response as 
illustrated in Figures 11 and 12. 

The number of scenarios which could be evaluated with 
SEAGUARD using a parametric analysis are limitless. The 
parametric study presented here is one example used to show 
the sensitivity of the model using a general scenario. It 
is by no means a thorough study of the model. 
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VI. CONCLUSIONS 



The major concern driving this research has been the 
desire to develop a computer simulation which would effec- 
tively evaluate the ASMD capability of a naval force. A 
simulation having this characteristic has merit not only for 
use in force sizing, but also as an effective tool in evalua- 
ting tactics, variations in force disposition and relative 
platform efficiency. 

In the course of this research, several conclusions have 
been reached. The evaluation of force size is highly depen- 
dent upon the models ability to play the real world elements 
of the encounters. In actuality, all the significant factors 
may not be known or cannot be modeled. The effectiveness 
of the model depends on its ability to be sensitive to changes 
of the important factors of the encounter. A very sophisti- 
cated model may take into account many elements of the 
encounter but in so doing may require a large detailed data 
base, large core size, and large computer run times. In 
addition, the increased amount of detail in the model may 
not yield a significant increase in sensitivity or increase 
the validity of the analysis. 

The parametric analysis of SEAGUARD shows that the model 
responds to changes in those physical factors deemed to be 
important in ASMD. SEAGUARD can be used as an effective 
evaluator of relative differences in force size, force 
disposition and alternative tactics. 
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There are weaknesses in SEAGUARD in that only the uni- 
form distribution was used for the generation of random 
numbers and the reliance on a symmetrical disposition of 
defensive forces to accomplish the effect of passing detec- 
tion information. These weaknesses were accepted in order 
to maintain a relatively small scale code and short computer 
run time . 

SEAGUARD should be evaluated further. A suggestion for 
further study is a comparative analysis between the output 
of SPEARS and the output of SEAGUARD for various scenarios. 
SEAGUARD could easily be expanded to include various distri- 
butions for use in the computation of random values . 
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APPENDIX A 



VERBAL FLOW 

SEAGUARD is comprised of the following major program 
segments : 



(1) 


Initialization or set up 


(2) 


Computation of play 


factors 


(3) 


TNE Take Next Event 




(4) 


SNE Schedule Next Event 


(5) 


Reload event 




(6) 


Tracking radar free 


event 


(7) 


Intercept event 




(8) 


Fire event 




(9) 


Output 




(10) 


Fire event 




(ID 


Output 




(12) 


Repeat and end 





The initialization or set up segment reads the inputs , 
initializes all matrices and arrays, sets constants, and 
prints out the initial set up of the game. Once the set up 
is completed, ASM entry points, ASM speed, ASM altitude, 
radar horizon, distance to point of closest approach from 
the missile areas for the ASMs , time at point of closest 
approach, and the time of missile area entry are computed 
by the computation segment. During this computational seg- 
ment, a fire event is generated by the SNE segment for each 
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ASM as it enters a new defensive missile area. After the 
computational segment completes execution it passes control 
to the TNE . The TNE then processes the schedule of events 
in chronological order. During the execution of these events 
either the event is completed, in which case control is then 
returned to TNE, or the event cannot be completed, in which 
case control is passed to SNE for a possible rescheduling of 
the event and then is passed back to TNE. Once the schedule 
of events has been exhausted or the maximum time of the 
simulation has been reached, control is transferred to the 
output segment. After output, control is transferred to 
the repeat and end segment which either repeats the process 
for further runs or ends execution of the program. 
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